“But 1 am constant as the Northern Star
Of whose truc-fixed and resting quality
There is no fellow in the firmament.”
William Shakespeare,
Julius Caesar, 3, 1



Astronomy C - Variable Stars - 2009

A. Pulsating Variables:
1) Long Period Variables
a) Mira type
b) Semiregular
2) Cepheids
3) RR Lyrac
B. Cataclysmic (Eruptive) Variables:
1) Recurrent Novae
2) T Tauri
3) Symbiotic
4) V Geminorum
5) X-Ray Binaries
6) Supernovae
a) Type )
b) Type 1a
C. Eclipsing Binaries



Astronomy C - Variable Stars - 2009

A. Pulsating Variables:
1) Long Period Variables
a) Mira type Mira, RV Virginis
b) Semiiregular Betelgeuse
2) Cepheids RS Puppis
3) RR Lyrac
B. Cataclysmic (Eruptive) Variables:
1) Recurrent Novae RS Ophiuchi
2) T Tauwri T Tauri
3) Symbiotic Z Andromedac
4) V Gemiinorum RX Andromedac
5) X-Ray Binaries Circinus X-1
6) Supernovae
a) Type 11 G292.0+1.8,
b) Type 1a SN 1006
C. Eclipsing Binaries Epsilon Aurigac



Light Curves - Variation over Time
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A. Pulsating Variable Stars:;
1) Long Period Variables (LPVs)

a) Miras 80 - 1000 days, 2.5 - 5.0 Mag

_,'\ A *».‘,A \\'\’\ A

RV Virginis
Time (year)

b) Semiregular Variables 30 - 1000 days, 1.0 - 2.0 mag

Magnitude

Betelgeuse

A magnitude
o

A time (days)



Temperature (Kelvin)
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2) Cepheid Variable Stars
RS Puppis [Periods of .8 - 35 days, .3 - 1.2 mag]
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3) RR Lyrae Variable Stars

[Periods of .2 -1 day, 3 - 2.0 mag]
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Cepheid and RR Lyrae Variable Stars
Period-Luminosity Relationship and The Distance Modulus:

Magn 1tude

M =m - 5log10 (1)
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B. Cataclysmic (Eruptive) Variables
1) Recurrent Novae [1-200+ days, 7 - 16 mag]

RS Ophiuchi

Magnitude




2) T Tauri - pre main sequence proto-star
T Tauri  [irregular and impredictable]
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T'K PRC99-05a « STScl OPO

D. Padgett (IPAC/Caltech), W. Brandner (IPAC), K. Stapelfeldt (JPL) and NASA

Jets from Young Stars HST - WFPC2

PRCO95-24a - ST Scl OPO - June 6, 1995
C. Burrows (ST Sci), J. Hester (AZ State L), J. Morse (ST Scl), NASA




3) Symbiotic
Close Binary System - 1¢d giant and massive blue star
both embedded in nebulosity

Z Andromedac [Semi-periodic, up 10 3 mag]

2328+48 Z Andromedae (Symbiotic)
1920-2000 (10-day means)




4) UV Geminorum  [30-500 days, 2-6 magl]
after intervals of quiesence suddenly brighten
for 5§ - 20 days - in a dwarf novae type system
RX Andromedac

RX Andromedae (1995-1998)
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5) X-Ray Binarics - Close Binary Systems

White Dwarf, Neutron Star, or
Black Hole accreting material from
a Companion Star
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6) Supernovae
a) Type 11 - Core Collapse of a Massive Star

G292.0+1.8
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Supernovas: When Stars Die (10-20-2008)

When a star explodes, it leaves behind a dehris field of
stellar material and high-energy paticles known as a
supernova remnant. Astronomers use Chandra to study
these remnants that can produce intense ¥-ray radiation
for thousands of years. Supernova remnants are
responsible for seeding cloud that formed our Sun,
planets, and ultimately us with elements like nitrogen and
axXygen.

- Wiew Video Podcast (22 2 MB, Runtime: 4207
- Listen to Audio Only
- Transcript

Until Their Dying Day: Stars on the Brink (0o-26-2008)
Supernovas are the remnants of catastrophic explosions,
and they are among the favarite targets of scientists who
use Chandra, for good reason too. Supernovas and their
remnants have praven to be extremely important in
understanding topics ranging from the birth of our Solar
Systemn to the history and composition of the Universe
itself.

- Wiew Video Podcastvi2.1 MB, Runtime: 2400
- Listen to Audio Only
- Transcript




b) Type 1a - Thermonuclear Destruction of a
White Dwarf in a Binary System

SN 1006



Supernovae Light Curves
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Roche

C. Eclipsing Binarics
Epsilon Aurigac
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Other Deep Sky Objects:

RX 10822-4300
Neutron star in Puppis A SNR

NGC 2440
Planctary Nebula

Hinds Variable Nebula gt
gas and dust surrounding T Tauri e




GROUP CLASS
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Cosmological Distances

galaxy clusters
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Cosmological Distances
-)Spectroscomc Parallax
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Cosmological Distances & Candles

=2 Type 1a Supernovae - Standard Candle

Identify a fallowislor ﬁ“‘! the combine the apparent
typela —= 9 fows weaake MaxXiMum _ge. brightness and luminosity
supernova Fﬂ getine apparent to get the distance
light curve brightness

M, =-195

The Distance Modulus: M =m - 5log10 (1)
10



Basic Equations and Relationships

The Distance Modulus: M =m - slog,, (1)
10
Kepler’s 3° Law: (M, + Mp) = &
p2

v=0 s a=v s 2na=vP ; F.=ma_ sa =V =ro’
t t r

1pe = 206,265 au = 3.26 Y = 3.08 x 10"m
1°=60 aremin = 60" ; 1 = 60 arcsec = 60~

nverse Square Law: L =1/¢2
Circumference, Area, Surface Arca, and Volume of a Sphere

REARRANGE ALL EQVATIONS FOR EACH VARIABLE



Phase Diagrams

1) Cepheid Light Curve 2) Superposition of Periods
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O - C Diagrams
(Observed minus Calculated)

Theory Matches Observation
Clock No. 1 Clock No. 8 Clock No. 5
Q.01 0.03 0.005 ]
] o 1 Perfectly Periodic 1 Perfectly Periodic
5 1 Perfectly Periodic ~ 0.02 5 . . .
> ] » 4 Correct Epoc > 0.202 8 Change in Period
S 2.00 -8-8-8-8-8-5--5—5-5-0 S e.01 4 - N
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** The slope of cach line is the difference between its period and the estimated period.
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Variable Stars

Stars appear to shine with a constant light; however, thousands of stars vary in
hrightness. The brightness that a star appears to have (apparent maagnitude)
from our perspective here on Earth depends upon its distance from Earth and
itz actual intrinsic brightness (absolute magnitude.) The hehavior of stars that
vary in maanitude chrightness) - known as variable stars - can be studied by
measuring their changes in brightness overtime and plotting the changes on a
graph called a light curve. Amateur astronomers around the world observe
variahle stars and assist professional astronomers by sending their data to
variahle star arganizations, such as the American Association of Yariahle Star
Cbseners (AAVSDY in Cambridge, Massachusetts. The behavior of some
variable stars can be observed with the unaided eve or hinoculars. Measuring
and recarding the chanaes in apparent maagnitude and drawing the resulting
light cumves will allowy you to begin to unravel the stories of the often turbulent
and always exciting lives of variable stars. The collection and study of variable
star data requires the ability to estimate the apparent magnitudes of stars. The
twio activities that follow will assistyou in acquiring the skill of estimating the
magnitudes ofvariable stars.

The two activities, Stellar Heartheats and AVariahle Star in Cygnus, have heen
adapted from the "Hands-On-Astrophysics, Variable Stars in Math, Science, and
Computer Education” curriculum project developed and puhlished by the
American Association of Wariable Star Obserers (AAVS0)

Activity #1: Stellar Heartheats hirnl | flash | pdf | ppt
Activity #2: AVariable Starin Cygnus himl | flash | pdf| ppt
Alignment of Performance Task with National Stardards: himl | pdf

Useful Resources:

Types of Yariahle Stars (at AAWSO)

Crtirmativm bdamnitudae | leino latormnladioes Sat 0000 1005

[one

Kl
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Recording Stellar Heartbeats Julian Date  Magnitute

JD 2449050 .- ACTIVITY #1 - STELLAR HEARTBEATS
JO 2449110 5 2449050 JD 2449110 JD 2443150 JD 2449180 JD 2449240 JD 2443300 JD 2449350 JD 2443375 JD 2443435

JD 2449150

JD 2449180
Study the resulting light curve. Does this varable star show periodic behavior? |s this the light
JO 2449240 curve for a Cepheid varable star?

JO 2449500 JD 2449540 JD 2449635 JD 2449700 JD 2449740 JD 2449760 JD 2449800 JO 2448870 JD 2449950

JO 2449300

JD 2449350

JO 2449375

JD 2449435

JD 2449500

; JD 2449540
JD 2448050 JD 2449635

Magnitude

next imaga Ed JD 2449700
Estimate the magnitude of your variable star on the first
piciure of the star field using the magnitudes of the stars
arpund it. Proceed through each of the pictures and place JD 2449760
your estimated magnitude next to the corresponding JO in
the table provided.

JD 2449740

JO 2443800
JD 2449870
JD 2449950
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Background
Interactive Games The W Cyg Field Slide #1 is the first of a series of 7 slides taken of the variable
Printable Materials star over a period of approximately 150 days. The set covers nearly the entire |
Links & R range from maximum magnitude (brightest) to minimum magnitude (dimmest.}
Bis BEAUFCES You will note as you moave through the slides that W Cyg does not appearin
Search exactly the same spotin each of the slides. This is because it is difficult for a
photographer to set up in the exact same spot when photegraphing the sky
several days apart. The slides also appearin different hues and sometimes
with fewer stars in the field. This is the result of different atmospheric conditions
on the dates that Cygnus and W Cyg were photographed.
Afinder slide with W Cyg and the comparison stars circled has been provided
below. Use itto locate W Cyg and the magnitudes of the comparison stars in 4.0
Chandra the sequence ofimages beneath it B
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Stellar Evolution - A Journey with Chanodra
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Stellar Evolution - A Journey with Chanodra
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Planetary Nebula

After the core-helium-burning giant phase. all
of a Sun-like star's available energy resources
will be used up. The exhausled giant star wil
puff off its outer layer leaving behind a smaller,
hot siar with a surface temperature of about
50,000 degrees Celsius. When the high speed
“stellar wind" from the hot star rams into the
slowly moving material ejected earlier, the
collision creates a complex and graceful
filamentary shell called a planetary nebula. A
composite image of the Cat's Eye Nebula
(see companison] from Chandra (purple) and
Hubble (red & green) shows where the hot, X-
ray emittng gas appears in relation to the
cooler material seen in optical wavelengths.




Stellar Cycles Sets and Cosmic Commections Request VRL:
http://chandra.harvard.cou/cou/epo/request_special.html

Stellar Cycles Card Set:




File Edt Yiew Go Bookmarks Tools Window Help

OO OO O \3 [ 5% ttps oo tufts.cufasforight_center | [Eysearch |

. | B, sl 4 Home C Search ] Shop FJBockmarks -
Sy iright Center for Science Education ot Tuf... | =
2]
-
EAST FIND Welcome to the Wright Center for Science Education
WHAT'S NEW
e [Warkshops | Surimer 2004 free teacher workshops |
e Elemantary sciencs
eliowshi The Wright Center is dedicated to the advostion telloushie &)
Partnerships creation and sharing of navel The nows available
s instruetional technigues and WRIGHT et Charged Up! Take
interdisciplinary rasources for CENTER alook at the new
2 pre-college teachers. Through its or e Education Benjamin Franklin and
Conferences fallowships, workshaps, seminars, E‘Etmmsl“’"‘s ‘.‘“d .
: and a variety of public-outreach ";;j;“"rzﬁ';: Fd
e activities, the Center provides Moo 3
Tosters leadership inthe training and s
retraining of science teachers to use Ched out the new boak
FEATURES innavative methads to stimulate young minds The Bhysies af Misie
i sical 2 E
or Teachers, instrmants by Wright 3
_— o m Fellow, David Lapp. = 5
L Domnload a copy of the -
“Taaching About i W
Science STARFINDER MewBack  Cosmic Evalution  Past Teacher Evalutiom wofehop
Diympiad Hubble Space e 13 Lsbor  Web Site FomerFoint
events, study  Telescope viden  dgormwing Viewthe past.  presentationsang | CE0L A0
mateials and series now iemes present and el resoures ) = -
resources  awailsble online. Education. Get  future of the materials Getthe best of =
provided by Viewths ez infarmedon  Universe asyou  awailsble here  ingerdisciplinary
Mational Event  throughthis  cumentscienoe  move along the anline teaching activities mith
Supenisos.  window on the education Artow of Time the new Innsvative
universe shiategies. Science Curriculum
Series =
Giacters, Clinate, 30t i
Last updated Seplember 26, 2004 the Lanmdsoape book g ' ‘t
Copyright @ 2004 Wright Canter for Science Education nown auailable for free i i
donmload }
= 1
[El=] O F | Applet mfip staned =H= ] P
55 Wrigh Center for Scence Educa [BIS[T

Fie Edt Yew Go Bookmarks Tools Window Help

i oo @ O @ |Erviw _serkenFellows/sci_ _olympiad il | (5o (Busearcn ] ng ,3

. | B Aval 45 Home O search @) shop  [FJBookmarks

% Wright Center for Science Education st Tuf... ] [®]

FAST FIND Science Olympiad @ D ‘ 5
v

neral lnfo = Stience Olympiad Coaches Clinic W :
o = 2003 Astronarmy C Presentation wi/o audio crequites free WinZip and PowerPeint Viewer) e ] e
W 3003 Astronomy © Presentation with audio (requires free WinZip and PowarPaint Vizwer i el
. s B
® Preparation Guidelines for Astronaormy C
B Introduction to Experimental Design Pl

= CellBiology Process 1

m Cell Biology Process 2

= Cell Bialogy Pracess Skills
m Designer Genes Guide

= Forestry Training Guide

u Forestry Tree List by Family
= Forestry Sample Tourmament

B Process Skills for Life Science o
= Reach for the Stars Tips

= ® Science of Fitness - B Division ey 1
= Seience of Fithess - C Division Ul

= Astronomy (2004 Juniata College Mational Competition - B Division - Reach for the Stars)

® Question and Response Sheet
= Answer Key L
= Astronomy (2004 Juniata College National Competiion - C Division - Reach for the Stars)
18008 7, _INCLUDID
= Instructions and Questions
® Student image SetA
= Student Image SetB
= Anguer Sheet
m Answer Key

= Astronarmy (2004 Pennsylvania State - B Division - Reach for the Stars) —
D 2 O F Em= [
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Variable Stars

Types of Variable Stars

Wariable Stars
wariahle Star of the Season “ariable Stars are stars that wary in their light output. The
Pawerpaint Intro origing of these light variations define the classification

Stars Easy-To-Observe system of variable stars.

Historical Light Curves

4 There are two kinds of variable stars; intrinsic in which
Marming

: ; wariation is due to physical changes in the star or stellar

Harvard Designation system and extrinsic in which variability is due to the

Types eclipse of one star by another or the effects of stellar

Further Reading rotation.

Reszearch: A8%S0 in Print . . . Impression of a iata;l::n;i;(\!ariable with an
: There are four main classes of variable stars. Within the GIE

Dfisemiiy Meris) intrinsic group of variables there are two classes: W;ge;" I:::;’i' i’:;w

: . pulsatingand eruptive. Within the exdrinsicgroup there o

Main sections of weh are two classes: eclipsing binary and rotating stars. Below is a more thorough investigation of

The AAVSO these four classes of variable stars.

Variahle Stars

Observing Pulsating Variables
Access Data
Publications

Online Store Pulsating “ariables are stars that show petiodic expansion and contraction of

Education: HOA their surface layers. Pulsations may be radial or non-radial. A radially pulsating
gl =tar rermains spherical in shape, while a star experiencing non-radial pulsations

| Dane
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NEWLY VUPDATED COACHES MANVAL
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